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1.0 Introduction

Proevious caléulations® ot the R,A.L. on the performanco of .
propulsive ducts hnd boen bascd on approximate mothods as somo ostimate of
their porformnnco was roquirod quiokly at tho times Thosc f&rlt caloulations
were used for the airoraft performonce estimates in the notc® on supcreonio
fliphte Tho bignest gmm involvod, as havo boon pointod cut vorbally
by Rclf .and in a note’ by Griffith, wero the ncplect of compresaibility in
tho calculations of tho pressure lossce in the combustion chambor, and, tho
usc of the cirornft total head density instead of the true donaity at inlct
to the combustion chanboer, in cstimating the mass flow throuch the propulsive
duots,

This sccond notc gives the rosults of a more accuratc ostimation
of thc porformmance of propulsive duots using tho samo basio lossos and
ofTicioncios as in tho provious noto. :

2,0 Mcthod of calculation

2.1 Genoral

. The following valucs of officiencies and losses worc used in tho
porfommanoo ostimation, .

(2) Intoke officicncy 100% for Mach nunbors bolow unity, but with tho
approprinto shoock loss token into asoount for lnoh numbors gmntor t
unity-

4 - \
(b) Combustion chubor of oonstant orosse=sootioncl area, Wi t“ﬁ‘m 'e!-*
head pressurc loss oqual, for incomprossiblc flow, to four the7%

inlot wolocity hoad plus the fundomentol loss due to heeting. W f ;
vns medo for the of'foct of compmasibility. S Lov" -

(o) A ecrbuation fuel loas of 5" corresvonding to .o charboy 'uith\%b s 4
prossurc loss ns taken in (b).

(3) A Jjot sdtshotio officicney of 95%.

Tho:truo density at inlet to the combustion chomber wos uscd for
uatimating the mess £low throush thoe propulsive duct. Tho offcct of
compressibility on thc lossce in tho gorbustion charber which had beon
norlectod in the provicus ealculation! was also taken into acoomt in
tho prosont caloulations, To simplify tho oclculetions a oonstant
spucific hoat wns nssumod and tho smnll’ offoect of varisblo specific heat
on thrust’ was nozlectod, tho fuol consuiptins though wero given en
nmroud.-atc oorruction for the variation of spocifio hont, Dotails of the

. . Muc ]
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mothod of enloculation aro given in the following section and the notation
uscd is shovm with the sketch of tho propulsive duct in Pig.l.

2,2 Intoko

The intoke sdisbatio efficiency (\}mz) 15 basod on the total
head pressure (Ptqez) ofter the inteke or at inlut to the oorbustion

-]
chambor and is givoen by {(Ptotg\]?‘ . l} )

‘7tot2 = { TtOtVT]_- l}-

+ where P]. and Tl are the pressure and temperature of the ambient air

respectively and Teot) (= Tentp) 1s the total heed tomperaturo equal to Ty

Plus-the temperature corresponding to the aircraft velosity. For ltach

numbers below unity this officicnoy is taken to bo 100%, but the appropriate
plane shook wave loszos arc teken into account for the alroraft spoocds ebove
sonic. A curve of Y/tota against Mach numbor is given in Fig.2, thoe valuss

plottod arc somowhat difforcnt from thosc quoted in the previous notel as
tho lattor wore bascd on statio pressures bofore and after the shock wave,
Tho mothod of oalculation is well known but is givon in Appendix I for
complotencss, ¥

2.3 Corbuetion charber

Tho effcot of compressibility on thc fundamental loss due to
hoating and tho ostimation of ohoking flows in friotionlocss combustion
chanbors oan be found by using the prinoiplos of momentum as in Rofe3. When

c losscs arc introduced by baffles, skin friotion, cto., tho
celculation can only bo mado on ccrtain simplifying assumptions such as
with the eerodynamio drog ooncontretoud at inloct and outlct from the combustion
chamber, But cvon undor those oonditions thc losscs and choking flows :
dopend. considercbly on the mannor in whioh the loss is introducod, sach as
axial or radiel flow with baffles, mixing of streams, skin friotion, otoc.

So that, in tho abscneco of sufficient experimental cvidonoc or moxre accurate
thooretical ostimations, a simplifiod ooncoptiom of tho effoots of com- °
pressibility has boon usod in this notce

Tho inoompressible combustion chamber loss equal to 4 inlot volo™
clty hoads plus a fundemcntal loss of (Ttot;/'ftotz = 1) volooity heads is

uscd to detormino the sizo of an oquivalent nozzlc which will givo tho same
total incomprossiblo loss es the cowbustion chamber, if it is assumed that
all the velooity hoed at outlot from the noszlc is lost, Kooping tho sizo
of the oquivalont nozzlo fixed, it is then casy to caloulato the effoot of
oomprossibility on tho losecs which arc pq,wf.l to the outlet volocity hoad
from tho nozzle. Tho mothod of oaloulatiof end the curve usod are given in
Appendik II,.and Fig.3 rospoctively. Tho ohoking of the flow may ooour

in tho oquivalcnt noszlo ur at outlet from the combustion duct dopending on
the relative valuos of tho acrodynamio and fundamental losses rospoctivolye

In the following teblo values, oalculatod by tho sbove mothod,
ero given of the inlot Mach mumbor (unzs to tho combustion ohembor and of
the ratic of the (omuqﬂ.o/ inocompressiblc) loss undcr ohoking or

maximm £ass flow conditions for various t@t):mtum ratios (Tfﬁtﬂtotz)-

)
v ~

Bhtiﬂh b, ') v .
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Tty Ttot, 3 b 3 §

Choking tm, 0,23 0,21 0,19 0,18

Incompressible losa 6 7 8 9 inlet vulooity hecads
(Comp: /Incomp; ) Loss 1.47 144 141 1,39

The above conocpt of the offect of compressibility is
unsatisfactory for the idoal oorbustion chamber with no acrodynamic losses,
but it appoars to give a fairly good approximation for an avirage lowe

ioss charbor if the acrodynamic losses arc comparablc with the fundamuntad,
08SC8e

2.4 Jot

The Jet conditions arc defined by en adisbatic Jet officicncy
('l’/h) of 95¢ whore r/
1= 7.
{ tots}

Y =
P, Y=l
% - (7 Ptot,)T}

where By and T) refor to static conditions at the Jjot and Ptot3 and, Ttot}'

refer to totel hoads after the combustion chambors. The Jet volocity (V“_)
is given by the tempernture drop

(Ttots = T,) = Vo/Zepe
25 Ovornll perfromance

Tha caelculation of the ovorall performance is straightforwerd
onoo tho losscs cte. of the provious sections have been determined, The
aotual caloulations con be cerriod out in a tebular form as given in
Appendix IIX. It should bc noted that tho bottom half of Fig.2 gives a
ourve whioh is uscd for thc approximatc corrootion of fuel consumption for
varieble speoifio hoats,

The rosults of this performance estimation aro shown in Figs, &
to 15 for aircraft spoeds from 300°to 1500 m.p.hs and gas tcmporaturcs
after conbustion from 1000 to 2000°C abs. (both ranges quotod boing oquivalent
soa lovel)e At the highor spoeds .the thrust curves arc stopped when thore
is choking in the conbustion chambor, The dregs given in tho above Figs.l
to 15 are the intomal drags of “the propulsive duots when therc is no
conbustion.. The intakc area is dofinod as the arca at inlet with a
vclooity of flow oqual to the aircraft volooity, other valuos of course
of this velocity of flow will give correspondingly different inlot arcas.

The weight of the intornal or "engine® parts of propulsive ducts
.are of the ordor of 50 to 100 lbs. per square foot of combustion ohamber
erosa=scotionnl aroe, Y -

3.0 Compnrison with previous calculations

A compaxison with tho prcvious caloulations 1,2 15 shom in
Fig.16 for a (ocombustion chambor inlet velocity/ scircraft velocity) oqual
to 0.1, this boing the valuo usod in the supersonio flight note2. Tho
diffcerenocs involved arc not very largo so that the conclusions of Ref.2
should not bo affocted, iimwevor, at higher vnlues of oombustion charber
inlct volocitics the difforcnces beoomo lorgo, ospocially at tho highor

3‘(
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alreraft spceds and gus tenperatures.

4.0 Conclusicns

This notc gives thu results of a guncral cstimation of the
porformanc: of px'opulzivc ducts covering aircraft speeds from 300 to 1500 m,p.;h.
and gns tonpernturcs af'tor combustion from 1000 to 2000°C.abs, (both .
cquivalent soa lovel), It is intonded to replace some loss accurato rosults
given in 2 previous note where verious corprossibility eft'ccts were
noglccted,
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APPENDIX I

Intake cfficiency

For intakc Mach numbers lower than 1.0 the intake total head
officiency was taken to be 100%.

For intake iiach numbers higher than 1.0 the intakc total
head efficiency was calculated and is plotted in Pig.2 against inlet ilach
nunbers

To do this it was first necessary to obtain Mip, thc idach mumber
after the intake, in tcrus of sij, the Mach nuuber of the air before the -
shock wave. Having done this, the total head officiency was cobtained in
terus of M1 and My and could then be plotted agninst M.

It should be noted that the suffix "n" an bin f'or Hach nuiber
has not boen used in this Appendix and that the suffix 2 refers to
conditions inmedintely after the shock and not to those at inlot to tho
canbustion chamber.

Considering continuity, the wass flow before and after the
shock wave nust be the same, end the area is also the same

e b PV o= kP
or M Vp = 2V ’
oo Sl 5 o Ep. BY
V2 751 7]
. Ps viTo
iv 3 — D eiee——
Sl A~
g v
Then since M =
JKKT
P _ M1 (T2 Q@)

Fi Mz d1n

Lssuning frictionless flow, the force on a plane beforc the
shock wave will bo the samo 2s the force on a plane efter the shock wave.

oo PlA+lOV] = P2A+(A)V2

ar P o+ Py V2 =B+ 0o VF

Py 2 P 2
and P1+Exvl =P2+—-KTZXV2

2
v{ V2
... P1(1+h'_']'31-=P2(1+m-5)

e By 1+ a'ulz) =Py (1 +_)'Rg)2

British MOsT SECR:
SECRCT :
0 99uals. Untied Sicteq SicmER )

54



British M

< PR
WA z ? ] L 4 #9uals Uniteq Statea SECR
SEGRET i

Technical Hute No.Dng.256

AYTYNDIX I - ocntinued

beak]

11 Wl ;

frua cunservaticn of energy
k) 2 m 2 2
KPTtOt = KpTl + Vl = )%)4.2 + V2

¥, e w2 ) =L1ﬂ'+'2nﬂ'
oy Ky ox gmp By 4 P00 VIR 2 op BT, « 3 WG

e s T;(1 +£§iﬂ12) =T, (1+ !-;illzz) weistsisr (3)

1 1+-’f3-u2

Frou equationa (1), (2) and (4

3-1 2
1+ ¥y
or

o 2
R =

3%4? - (F =152 - 5L

.Mz:

Tt now remains to cbtain the total J?Lcl intake cfficiency,

'(\E‘z-:a) -1
P
t = in torms of My and Mpe
/tOtz Ttotl
-1
7
-1
Ptotz ¥ - Ttotz
Py T2
¥-1 Y1

(Ptot2> ¥ oty (PZ Y
B T2 R
i-1

2
4 b1
1+ Lzl Mzz) x(ﬂlT) frou auaticns

1+ XMy (2) anc (3,.
Ttotl R § l.(lz from equation (3)
T 2
Giving the total hesd intake efficiency )40, dn tenn:-;f 4, and by us:-
f(l +§:Lu22> x (___.Ll X2 Yy | }

b X L 2 1+ ruzz
/oy 1-1, 42
b |

2

"3
L
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DOt us:

Tt wns neccssnry to £ind o method of calculating losses of total
1ord prossure in the corbustion chamber which would apply caually to
cotpressible znd incompressible i'low,

4 nethod of dolng this cppear-? +o *.. 4 ponsider tho flow as
being in on oquivulent nosmzle of disevryv ed.. = (7 ¥ uwwbustion cherber
aren), giving the requircd Llusses for mermpreasiod @ 1% - ond which would
also apply to cuapressible f£low.

Incompresaible flow:=

{ i Teots A )
Total head loss = (— -1 10-( x4 taded welacdty hend)
\ Ttot, /

Ttot
whoro (E;?:z- x  (inlet volucity usad) is fuw-amerkal lose due to
2

wehi

rnd 4 x (inlot volocity head) is acrotymamic proszu.  iuis
Totnl head loas w Ttot2 o Ptotz . Teg

or t loeity hend T i .’ se-geee (1)
inlet velocity he ‘ %pvz Tor 20w
For on oquivnlont nozzlo of disel vr. wvrw. 0 o Slvo the same

lossos as a combustion chwiber of arca A=

Ptotz = Ptot3 = Pt0t2 = Bl whore Pp is st Lic prissure in mzﬂo_.
X

. = 3PV ;f whore V. 1. vclcolt, in nozzle
2 1
= ’l.- 8] V2 x ;2
+ Total hend loss in nomzle _ 1
1_PV§ a2

For the loss in total hend in the nozzlo to be equal to the loss
in the combustion chamber given by oquation (1)

1

T
toti ”
Ttotp

a =

With 'stondord ontry conditions! (147 Ib./sqein, end 288° C.sbs)
and valucs of V,, frou 0 to 1000 ft./sccond, AT, the temporature drop in

the oquivalcmt nozzle, is colculated from the formula:e

Al 'ﬁvf: = 0461 (155 )°  where AT is &+ M end V is in £t/
i 50Ce
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) urc droy g culeted 3 ch value of V from:-
¥
1-55 = 1. QT4 BT
Vsref 238 |
1 £
o .
iving = W71 - 1~ { lln./.. Jeine
The reletive denslty 6 for cach vall s given by:=
# 1‘--7 hall 10 SN x &
W7 ¢ =AT
'] - 1Oed
ince 156 = B A
whore (J 1s mass flow in lbh/moe
A X A is orue in sq.in.
o & is relative density.
A 18.
n order that coleoulations mry be nc fron inlct conditiops of
Ttotg and Piotp, the valuus for V“ re plotted in fige3, as V% /f—-
, 1.7 “totz
nd for AP as OF x ¥00 .
. i8 plott ~2, ’ITmt‘
by is p 1 X x ':-0?2 xJ By
285
Choosing v lu_u *7'Vn through the equivnlent nozzle VneTt\fz
iz coleulated rmd AP x ":—.; con be rend from £ige3.
oto

A Pyot
Then (1= £, ) x -ih——z glves the prossure ratio after tix
tota & L7 “t\.v;
corbustion chamber =nd, from the corrcsponding valuc of ==X i"-" X ey
EY A tot; 283 ,

the mnss £low 0 through the oquivalent nozzle and through the coribustion
charber 1a caleulated,

British M(C ECIUET
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- a3 =ah 4=

1mance calculation

e e P DI OY et R Y

tc performanmee crleulations have to bo made for ewch nire

1C¢

Cr [ 1 required.

crature risc AT duo to the nppropriete airercf't

)
A1 €

1 V.2
volocity is obtained frv T = gz 4,61 (‘m%) where V; 13 th
2 velocity in fepese
e total h rcozurc ratio is cbtained from
tobp Ap (35T
2 = o7 = G+ Vot S5 ) where Vgop, is the intak
cfficiency. (Appendix I).
Ptot
- . u2 2
The rolotive density 6, nt inteke is ———-x—'ai"
- e .7 nt_’tn
The erleulotions were performed for t raturcs Ttof3 after
corbustion of Ty ¢ . 1000, 1500 nnd 2000°C.obs,
288

For cuch airersft spoeed four velucs of Vi mn weye chosen

snd crleulntions ot cact Tt‘:tB wiere based on these values,

Vi -V V), = Jot velocity in f.p.s.
Thrust = X w whore vy = nireraft velocity in f.p.s.
4 w = mess flow in 1b,/sce,

Uzing fuel of n calorific value of 10,300 C,:.U. =nd cllowing
for 54 not being burnt
swption = 0.0843 100 o Yenn specshert
consumption . x g x (Tt t3 = Teoty) x  Wx ( —10.22:8'1—“—)

secn specific heat
whero the final tem (FonSEIasS-R ) 45 road, for the uppropricto

tempernture nfter corbustion, from fig,2.

16,8 x W x 100 13,05 x W whors: 6. is velative
Area of Jot = T, B e ore U, 1s relative
Sl&xVI‘_ x 14 GIO-VL. density of job.
Thrust airoreft speed in moh, . 88
— x 221 x =% % 3600 x 10,000
Overall efficiency = —CRSUMpEiOn 00 £
10,300 x 1,400
66 x sdroreft mncod in mavals
3 66 x 100

specific fuel conasurption

- British MOST SECRTT and SECRET
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Ttat
”z%

t outlet IR thoe coubustion

The 2ctusl perforaance calculations at cach airor?

rher 15 1.0
o the curves arc stopred i the mass flow r»iaches this vl

N
\ A
"M 2 "f) _! \ % af*?." i

oy <Oy

g & oz,
Q? W o
Cagpy

is greatcr thun 345 h mumber

ond the Clow i

t speod were done

n tho following tcbular form for scn lovel conditions,

V1\2-
Intuke Viotp, = (£ige2).Velocity tomperiscAT = .1,61(151) -
P, Je51
tut2 =( 3 AT _
=y 1+ Vtoty '2'33‘) = Ry=. 5, =
l
1 I Tiotz _Cotha. Ttotzfno combustidn) |1000 | 1500 | 2000
7
2 o V,/(Ttot,/'ltot RIS
O
3 ¥n th&bz Velucs choscn
toto
b Vn (G) = [~vgr
w 1. [Teoty
) W - Prom £ig.3
Ttat
6 @ 1, X2 5) x (2
6 kT (5) x (2)
283
7 Vo )= Rea? from fig.3 to correspond with (6)
*fotz
Ltot
8 v ™ = f -
9 | v,/=ireraft spoed in fepez. (8)/aircraft spocd in f.p.s.
Erom
10 w 1b./sce. (6) x T-t“t. xR x Mk
V.7 . )
11 OP x Fgr, Prom fig.3 to corruvspond with (3)
1 AF/Pyot, (11)/14.7
13 1- Ap/Ptotz 1= (12)
U Jot pressurc xatios Ry (13) x®r,
15 | Adiebatic tomp.ratio et | (14)°2%0 -
5) = 1
16 Adiabotic temp.drop jet °C % x Ttot;
/
17 |  Actusl temp.drop Jet °C .95(16) ( Yy = 959
/(X
= O L ikt Buitish MOST SECRCT ond SECREX
«10- oquals United States SECRET
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ATPENDIX III - oontinued

1 Ttot3 9 ,.abs, Ttotg(m corbustion) { 1000{1500 | 2000
19 vy £t./s0c. Aircraft velocity fin £t./s00,
20 V), = Vq fte/30c. (18) - (19)
21| Thrust = 1b,/sq.ft.cech, sgg% x (10)
aren A5
|22 | Consumstion 1b./hr. 00857 x (Tyopzm Tyqp,)x(10)
x @nensoiflo bieb (rrow £1g.2)
23 | Specific consumption (22)/(21)
1b./kr./Ib thrust
2 | Tomperature jot % sbs. (1) - ()
25 | Rolative donsity jet 288/(24)
26 | Aroa Jut sq.lt. l’%igg—i‘{'%
18
? t xJ (25)
27 |1y o <38 </
28 | overall efficicncy 3466 x sircraft spoed in 00
Ttot
w Ye? 10 s 1 = 1
291%° Ptot;,} 28 *JI)' & Jé‘ﬂ%
30| Arca inlet/arcs c.ch, = EEMO)' TR T
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oquals United Siates SECRET ..

L

/l&



i S12Na 3AISTINdOYd

13 WOY¥3 1311n0

¥3TWVHD NOILSNGINDD WOH4 131N0

YITANVHD NOILSNEWOD OL 131NI

SNOILIONOD 13IN1 1HOINA

WITWAN  HOVIA =Yy MOTd SSYIN = M
ALIDOT3A = A 3¥NIVYIEW3L QV3H TWiol=il)

V3BV TYNOILDIS- SSOUD = ¥ JUNLYEIAWAL DUVIS = |

S3ALON3Q
S3LO0N20
S31ON3Q
S$310N3Q

14
€
2
!

X 14308
x143nS
X144nS

14408

AIN3IDII3 =4
IJBNSSIUG VAN TVLOL =
3PNSSIBd D1IVLS

HIGINVHD NOILSNEWOD

L

1

—_—
LHDIT4 30 NOILO3UQ

NOILVION 1D5NQ 3AISTINdOYd




Lnk

d
RE1

2200

WITH

MACH, N¢.

NLET

OF TOTAL HEAD INTAKE EFFICIENCY

VARIATION

4

100

©
% AINZIDId43 IUVLINI QvEH WIOL

TRANF S

CH
APP

o
_ wn
o
BESSSSE I ERADES ARDD EESNPERES
e e e b g
..... -
g
iy L]
RN .
....... imasas s
........ £
...... |m.
.
=2
o —
] =
%=
9 u

SEC

L3R

%¢.ABS.

. 8000

g

British MGsT

PROPULSIVE DUCTS, e7ucis Usios s

1800

1600

TEMPERATURE AFTER COMBUSTION X

1400

1200




(Y]

¥

% SLO°C 3ASNECEe £

i
) >
A _..u,;.a\ &
L& ) OU ‘7. L.
s - & Y &
b

Kl ClE 0k 0L ocs oos el ooe cce oc 0 Q

L [ b
[+]

WA-2261 7

d-ﬁnmﬁqﬂ? NDLLSPEIACS TL 1ETN! AY SHAIMMZSWIL Eumugrzﬁ 1

rua..mhnaz H-:%éEar:ﬂErJr ¥ 34NgSEEd QV3H VAOL S TeRd H e
o~ e = : _ RAPR . 5 - . S S e R a g
f e s b o e SR ..mn?ﬂ NI AT HEEEHHH IS

S — S TSR

..... - e b e e e

T s ssope w-.rn.l..-.r”“.,”.i.}t
> = e b = S . SO TSSO, MRS IO KRR
§38507 &IBAV-I NOLSMEWCD ONILYA LST w03 S3ANND

FANEE LS
1]




Fic. 4

8$

TRANES 143

CH.

A
L

Ne Eng | 21

OR

[T

5'5MPH

TEMPERATURE AFTER COMBUSTION (000X zpg3

AIRCRAFT VELOCITY = 300 J

APP

°C.ABS.
°c ABS

v

T
288

1500 x

Ty @
288 C.ABS.

2000 x

DRAG WITH NO COMBUSTION

hu X ¥3aY ¥IBAYSD NCLSNBNGD 40 12 8§ ¥3d ST NI DwdC

(o} - Q
Z 1 o
« 150
& HEl P
O < SN S
Z . e
a Z EEE T
o w 7 w
iF = e
d -
3 < 0‘...“
o ——
z le | B8 B3 )
n) — (]
[ TR - S
wo LS :
9 o
w m ———l
m < [ :
o -H
E. - =
- = I 0 1 A :
- -
w oy ERENS
x o -t w -
< D ~
- R il
- % T
| o o g
0O w 1 »
zZ o - "4
3 Tt 7 g
w t }
- L] i : — L I " I Lo
L 3 + 5§ = g OO O 1 B 5 S GRS E 4 %6 O N Y B BG40 Y " ._..n ——— u]T¢1||A¢A.fT
1 -t e e B T R . B e R U S S Y .t
e .i%. R B 208 O A i NIFN NN S N N N
E SR N 5 VIS N} 538 MRS O 0 O L0
F — { (NN SN ERE E ] NS TN ENS SN T EE S
w ~— t - - ciu.n Y ————— e - 4.‘1 R iIAL.A‘«.A. - %
p! + 3 e W 1L e} SRS ENEN AN PEENEE AUS USSR
q - - 3 PP I S ——————t — SURSPURI IR SO £
H LI S A i B HIE S W RN SN I O A O AU O MR B &
— - -4 - » ey e e — DRSNS KNI D
-4t - e FEND IS IV IS TS S SRES GRS S e R e R N -
-.-1*. I SN ERS TN R CE ISRy I TRl F NG EEE N EGETSU NI LA R EE RN
- i A 0 R IO A TR O R HHTRS AN EE NS -1 IERENSS . il
Lid i 2850 O O Y S il i 441 g 14 i Pl il L3l
e e { - PG R P —1 (EEB S — e 4= o.f.a.!fu - o
S v
(=] Q (o] o o - o
S 8 8 R 8 8 ¢ =» 8 ¢

.m._mn_ X Y3HY HIEAYND NOLSAEWOD J0 14 '8 ‘H3e $87 NI ISNNHL

8 AININH3 INSINGONd TIVHIAC

154

COMBUSTICN CrAMBER INLET VELOCITY/AIRCRAFT YELOCITY.
PROPULSIVE DUCTS




md S

Fic.9

rd
g MPH

Enlish MO

A D
T
N 28

¥ -

INENENEE SEE SEESWES

e B S B

e

T B R

PROPULSIVE DUCTS equals United States SECRET

AIRCRAFT VELOCITY = 300 X

oS

9§

COMBUSTION CHAMBER INLET VELOC\TY/AIRC“AFT VELOCITY.

o

)

cv

-

H,

TRANFES-il-43
apPp

N? ENG. |
IR,

‘WIBWYHD
NOILSNEWOD 30 YaEY/L3" 30 vEHY

o

HIBWYHD NOLSNBWOD
40 YIEY/v3dy IHVIN




e |
73\
\/L_m
S_X ¥3HY HIBWYHD NOLSNBWOS 30 420§ ¥3¢ SBT NI Ovic 0=
ra ll ﬂ.“ = . mm
: wy
i T T B0 5 :
18 ,n.m
| + .41.!. 3 ¢
. + . -t T - —
..... Al PET 3
i I —n ".“M- — “CM
SEr-ass 1 5. 85 BEe EBEA B -8TH 804
i Ui ‘u’lm i
L LI -7 L W W Rt VT.M.
oty et i wm 3
an : Bl ﬁv_wdmmm LiE
. i X x.x.x.uw.mr.- %
: 4 P o ! g
= It B n 8 Aw S i
by 2 1 B\ 1 : T -
: ! ayee ° il ¥
el e | . -+ MU‘ ~
o - i By > S
N 0 - SNSR RN YN .- - T S
: % S PREm SR
\ “ﬂ ..4 + Fﬂ!h.m ™ T u..lq..tr W IV.- N
L] gt i T -.“- -l..TT..TTtH - -u
> ! B\ EEw t ! e g |
+ : S, i EEREREERES l.l.ullv..lnl”l 7 =
8 S5 ] iz apessasuusnusssnnnas G B8
J ] IGRUREEEOSEENG ANSNSDEEUE EENETES ()
w & T 8N Eou S ARRERE w (X
> o . i o ¥ &
i D e e e B3 5
7 . - .—.Il.l.llfitlllllill.i.llrf‘lﬁnﬁ. A
< H i llll...T.ITm.TTJ. T
S o === BEE BRS ]
& P T =
O & 5 G RS Bk X iiSReessssenasaLs tnansREREs nmv
< nen; illb. ..TI, .fi_ "
N R — lJrlITT o .n\vu
w _— —————f e = o 1
. e byt 5
- - — gt a
SUN N EEEEBENNY NN USRS T 3
- +1 1+ 1
...... ] bt 1 e e T e s
_ — , . 2 I ’
. , - o
¢ o o =] o « " o~
v Y 2 8 2 e
. . T NI LS8N 54 AIN3IJId43 BAISINEOEd TYHIA0
- 9 x y3yy H3EWY=3 NOILSABWCD 30 14°8% ¥3e $B7 NI LSremL A _
1 PR
4
7z =y %




7
w
* %

(4

"RANFO114)

ir
—
T MPH

i

AIRCRAFT VELOCITY = 450 X

/€4

- - ||..|H - r.Il.—I.IH.r IEEEERS L
h 4

States SECRET ~

equals United

Baish %

PROPULSIVE DUCTS.

COMBUSTION CHAMBER INLET V!LO(:I'TY[ AIRCRAFT VELOCITY.

1 i ; o

] n o w o wn o m o - o
‘HEEWYHD NOILSNEWOD

"y 48nemL 87/ 8N/ SET NI NOILEIWNSNOD T3Nd 31419348 ‘HIBWYHD NOLSNBIWOD 0 VEWY/LIF 40 YAy 50 Yauv/vady BMVLNI




NYENG RIZS |, —r ] T

R § s

TFJ&"'"-*S/ Wa-2 26 i &,

o RN AIRCRAFT VELOCITY = 600 x,/288 M P.H. % 2

app ,q> "

= TL . ay :l.\-_'}.

TEMPERATURE AFTER COMBUSTION 1000288 CABS ™. >

. : . i 1500 588 C.ABS RO
Ty "h‘b@.

e . " " 2000% ;5 CABS 2

- —-——~ DRAG WITH No COMBUSTION

1
t
4
i
!
HE
-t
l
T
=
i
i
1
i
|

'
|
i |
L
i |
11T

-+ rey +4

i |

'\
.;In' NOTE - P AND T, ARE THE PRESSURE IN LB/SQ INCH
o AND TEMPERATWRE IN'CA8S OF THE AMBIENT AIR
< 3
o T v TIIT ]
<R T B HR [‘| TP a
x 88 e e t ) deflsssndinondusstging &8N -
@ ARG } il T T CLT 1Tl f1d <
P (s PR RS =
I 40 ia -4 4. - 44 i b : koo H
(v e ER R T THH HH f 3
z t 1 1 9 {11 b1
0 | AT .:7.\ THHH ] 2
k- | . H LT T ' i 1 v
LU § 8 JaluisansZaiRtuiiagsh T Z
3 0 -4 ¥+ 11 4 H -ln—‘H 44 14 J‘! 44 ¥ f ~ ! lsoo ©
- | THHA HH RN e B
1 L AHHA R R H U R M {H 3
N } -r‘/--—- ’?' - —1#» 2 11 1 0
6 | AT L - bitl H
= 1 " ‘J 1 1 11 I Y i s (¥
I"'f ,I .~f—4~ L4 4 .fu ot e 4 oy l‘rl‘ il- b}o
g f'- ] 4#" 1 \ ]I I %
i i A 14 A -+ 2 -t 11 + \ i v
x || HEATHI » 1 N 11 A &
i HER R et Reee N g
p . ] u o 4 '8
‘_’nwﬁ l A mEiNs " o co @
E _}r!} 1] ..‘: T LT : + T ‘:_":I"'" 1 E
T L m
g i!i‘ - 1 :: —. 1_‘ = a -+1 1+ + |
T Ll HH ST HHH r z
- O - 9 T - J
111 H T EHHHTH -4
- THIHHREH s ] H &
b { i § d - +44H : ki CE, {
FA j ! Si8ussidpn.n T shindunns
o T HH T T
[T & i 1T udins :
ul T T Bem= s 1]
g 1 i i -+ = H 11T :.FA 4+4 +4
n 4 agE 1] r
e AEmEnN TR IUNG T LT
‘4 - 4 }v
£ fihiHH TN
g 2 - + 4 -+ --N;
E

Lr
1]
;'ll "
12
|

:

+ 1+ 1 - <444

C -| 5 " %o )
ComausTioNn CHAMBER INLET VELOCITY/AIRCRAFT VELOCITY /76{
Brilish MOST “ZCRLT and SECREY

PROPULSIVE DLICTS  equals Usited Stales SECAET -



4
nt v
,

ENG.I2I3 S -

i

LQ:'\C\
204

COMBUSTION CRAMBER INLET VELOCITY/AIRCRAFT vELCC Ty

ol
a e SO B S SR P A S
e - it e sscame g
? . ol ) SRR PR,
o - : 2
S i v
T -
- - :
I i, =t e m—
g E B T - AJ_“ + + -
I B /4? g . lf._-n.l.t..T.aJ.I
= " rtam, b
s t s SR v 22
e EEeepiN =
] ik bt A
+lo _ '« Swarna 8. :
o 1 Lot ™ A P
it BER S T R
x 5 DN ) g v T
} ORI
8 _ XA e
L 133 A el
rc- mas aamanE® o e
| o T T 1 -
> e I M . O 1
- BEEEssBERaEEERLN | o o
5] B L s iy
3 25Tses sasamanaat
i B
> 5 P | _ G =
T T .—|.h — m— ._—| .
o : IBERSE. I U R
< T B 2 HER 8
- - FEFSIERESRE
14 —rt — - v
; S B 7 B
) T eSS EE N RS )
a b4 M. =
= 0 bl I i
< sttty _1|_|4 . e e
—
it Vb
assasvs e thenn
W: ' e ] N
I T
T T it e 6L ks LR
B & e [
1T
) o ) 0 o
N - -— -

o..mr \. »LSMHHL 'G5 H/E7 NI NOILaWMENDD 12N4 D1403sS HISWYHD NOILSNEINOD SEGNTHD NC'LCTENOD
N @8l 40 Y3HY /L3 35 ¥isy 2C w3sr, vZay IMvdN

N
[
t
o

PROPULSIVE CLCTS



ENGIZI4 S

Fig. IC

WA-2

8 MP =

T,
]

AIRCRAFT VELOC!ITY = 900 *ﬁ

s wySHy HISTWNTHS NOILSMEWOD 40 4= 55 a3d 87T NI w7

7/

PERGR v » ....... e gy
..... 3 B T
......... t S gt G i s
Sroms P bt s e
o -

S B e y

= A
S
e

\/sd

: .r;.wur{_..n.tr#n.whnﬁ_ i
e ety e Tk P
a—— -t o i
o - . ~

1
!
:SSURE

AN THE CavmBLIST
NVBER ' |

CHA

+

[ - oSy et ¢
b - M, ]
b e S S

RE ICCKES OF THE AWEI

T
THE PRE

1l
]
1

| CHERING

.

i

i i
2hG bt
TE:: LR AN T

‘oR

10

HCngeaTes o

TTANG TEY

v
!
1
'
]
i1
¥ i3
-4
1

.
+
'
f
'

o

Bt ol eeasmp bbbl o

Py

e x Y3y EIEWTHD NOILSTENDD 20 Ld DS N34 €7 NI LSNEm,

*. AODN3191443 3ASTITaChg TIVESAD

COMBUSTION CHAMBER INLET VELOCITY/AIRCRAFT VELOCITY

Beitish MOOT il AT and SECaN
arnnte Tintted Stotes SFOREP

PROPLLSIVE DUCTS




il

AIRCRAFT VELOCITY = 900 xy

»

2261 7 , Fgll

N2ENG. 1215 5

68 M. P H

224

British MOST _LUR.T omg
®guals United States sé'ém

ComBUSTION CHAMBER INLET VELOCITY/AIRCRAFT VELOCITY
PROPULSIVE DUCTS

=0 w3V /13L 30 v3dy

HISTWTHD NOILENEWNOD

HIBWVHD NOILSNEWOD
40 V3EvY/v3Idy 3IHVLIN

..“.L_wr 5. DA K S £ R }ﬁﬂfrr' S eSSt Tess SEEEEEEES
2 I T I T S i I S VSRR A L0 P ORI LM e SRRl i W It e TEPEREE
& P S O N i e NI I I W —
ot i - D e T R s
- e I I - ——— -
i T . T e I S ki,
IR E B0l G- B4 LSS0 D0NEE DS g i i
B 3 g o e e
- e .l"ll.l.lll. u.ﬂln'ﬂuln- e ——— PR
- s :
H At .
Im. rasa . va L - aa:
T N i 95 WA .2 rz
T TTIl X T =g
LE . L LIy ls i
+ ] H ] T Lt 4 - Lit
1l {8 11 B [N FEAKY 13
3 IBE S SN VENSEERESENEN
LR i HE B 111 LV E BN 111 H
L W L o B W L
b, il BEpad INE ENEEE VNS A | 1l |
5 N 1 11
. - : . +em
- —_— - i ——— -
B! L8N R X R W
. IR H | JLLL Ll
ALl ; L 111 1 L1
1 Wik il 7 LLL L W
B W R 1 eIy
| IREEHNINEE FEFNBEAWED 1 2 0}
T VO 55 W0 65 4 4 1
b & WL {5 e
e e B8 R AL
LW P IS ESERE A 1 T
W L 005 4 E | 1 1
B & W Y W - :
e e bttt -t -
1 1 TR TTT 1
1 ] : 1@, Y. VI |5 B W 1
1 A\ 1 B EEE 1
T &S I = TN T S8 BEEE s
0658 M 9 7 naE =it T B s w5 $i4 a& smamasas -
i | 1 H 3 5 C T i 3 S b 11 4 o 1 I HE 1ill 1
5048 o4 B i 1 i § 7 s PR i 4 e 5% ¥ 1 Lils
Esaaszasaan 5 1 R s Ssainsassian
IT R ! WEWEE 1 . G Tl 15 ! TR 1 BB E S
I YILERT IS 1% Al | O T B N i i L 11 HEl| i 11T ] 3 iy b LT M |
5 B B 3 T T T HH T h!.-n-.m b T T ¥ 1r T 1 1 )
. -~ S D et - L rr + ; S - e —
. —ma e — sk - — 1+ =1
=t rrrt 2 87 30 o e b A TR 0 a8 15 9 T I e e -
@~ ® w < =™ a - L ) J a9 C L o




~

iG. 12

-

S}:cn;_-rsm

T ang

~Loen
Statey

T
Unitay

brigp Mo,

aqualy
1TV = 200 %

~r
£.00

=

RiscaarT

T .

S

-
3

HIBATHT NOISTBWCT 4C L1a DS k3d 87 M DweQ
-

= "piE=w m
o= £ 2 g o
0 H e = ; H Tl |
- s ' 3
..... i i e e ot e v ooty e s Eof Tl H : i .
: s El i ocpNasbct e g : 7 3 -] LR S snas =
: : 3 : . T ol
s Sl Ssat ! TR L 17
sl Sk S I A R s 2R - | : y
! . = . Aot -] - = -1 dm.u_— 1 !
| = e e = 1 B I B A
T g :_"_ 1 2
......... L s b i o) ! !
S S v 5 R e : - A
. . Ay gt b n e g —— e Sy 1 “ g mw
TR e = - - 5
PRI ST SRS A S ! ! g
3 T 1 e
o

NP S S

ok

»

» ..‘. PR
i,

«w : 1] o . o
% AON3I343 IASINEOHA TIVEIAQ

B a._..:........ r s :
3 8 8 g ]
d x Iy HIBATHD NOILGTIEADT 20 14'DS H3g €7 NI LSMEHL

-7



A~ o0 4

®qualy Un; tod

Britieh ez

Fig 14

1
REY

LF and SEC,

LUNCY ang

ix
.

~rnnde Theiing

LIS
b

”'A. 9 26‘

T
268 MP.H

AIRCRAFT VELOCITY =1500x%

‘s x vIHY HIEWYHI NOILSTENCD 40 44DC =35 BT N~ Lwsd

15
m
T
M
I1'
H
by
I
i,
o
ERE i
' i
il
Ho
A,
]
t
o

2 % yINY HISWT=D NOILSMBINGD 40 13 85 =3¢ 871 N AS ERL o ADNT D433 INSTNE0l TTVYRIA0
-?

TVE_ZCimY » 035)’5 \
braush Diwos «beadic s |

CoMBLSTISN CHANBES INLET VELOCITY JAIRCRAF
PR_FPULSIVE DUCTS

/




Brach MO~ mu(_.-.l
—b INQ_MDUCE»&
g & .
P + : —t
Ty -
& Hitere
2 e
R i
BT = : |
a 1 - —
b3 :
o« m. m_“ 4o
F_M. e 18
x ; ——
(o] +1 -+
0O O i
0 - . -
1 SEEENSSSE BEE B!
W 10 1
- 1l Lald
] a0
“ T T T
| T T :
W 19 5 W A I
—
W =TTy |
M e s ——
U oot
T :
A i * h_
£ =
-t * 4 ._.m.,
Tt ™t
ml | & L
s.?t_ - - g e I ota
9_ N e - P.»r_- - o e S Sk oo el e = = g e el vttt
~ "u.../ - - - - ™ - Gl o n ) ] 0
CIE AN FL X LSMEHL §7/HH/87 N NOILAIWISNOD 73M3 tai03aS S3GWVHD NOLSTEACT  MIBAYRD NOLLETSWO?
2 IS gy - . 4C V3HY /I3[ 4C Y3V 20 vI=v/¥3ky I>viM
N
srerd C«
ZOFUA

1
i

s
e,

pa
and

3c

British MOST SECR-T

oquals United States

10
ComMBUSTION CHAMBER INCET VELOCITY JAIRCRAFT VE.OCITY

PROPULSIVE DUCTS




ATI




{

~ ’
SECRET

TLE: oo a3 s Portarmoneo of Propalstve Ducts A}W—u: 8204)
AUTKOQ(SE Eooll, A. R.; Rottnm, Marforio ) mm‘ —
OUSINATING AGENCY: Roynl Alrernfi Botnblinhmont, Parnforcagh, Hants BNG-350
PRUCLISKED OY: (8arpe) - AETD AT £

. D i (8rron)

robves | B | abEem | B | "9 | e grophs :

ABSTRACT:

In ordor to ostimate ths over -nll perfor mance of a romjct engine, varicus calculations must be
cmmdmmmommmcmmsdmemm combustion ckambar, aad

Ttase calculat are shoun apd explatned, and the results are given. A schbematic
mdnmndeteWnMMMmemhmreoim symbols are inchided, Previously dzterminad
cussed,

enlculntions are dis

DISTRIGUTION: Capies of this report mny be chiained only by U. 8, Military Organizations

DIVISION: porrer- Pty Yot TS Tarbino (5) 5 7 [ SUBJECT HEADINGS:
=~ Iculation (33395); Engtees,

Engires, Jet - Perfor ca
J. | Ramjet - Performance (34085)

SECTION: Porforrrzza-(10) -

ATl SHEET NO.: 8-5-16-1 \ .
Al Bivicica, R . A=/ aftorson Alr Fereo Deso
| e amn m:;(\ Z IXDIX rigi-Pe %

| 8

L




Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

USA

AD#: ADC800300
Date of Search: 19 Oct 2009

Record Summary: AVIA 6/5774
Title: Note on the performance of propulsive ducts

Availability Open Document, Open Description, Normal Closure; before FOI Act: 30 years

Former reference (Department): T.N.ENG.256
Held by The National Archives, Kew

This-document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://'www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



	ATI002204 1
	ATI002204 2
	ATI002204 3
	ATI002204 4
	ATI002204 5
	ATI002204 6
	ATI002204 7
	ATI002204 8
	ATI002204 9
	Binder1.pdf
	ATI002204 10
	ATI002204 11
	ATI002204 12
	ATI002204 13
	ATI002204 14
	ATI002204 15
	ATI002204 16
	ATI002204 17
	ATI002204 18
	ATI002204 19
	ATI002204 20
	ATI002204 21
	ATI002204 22
	ATI002204 23
	ATI002204 24
	ATI002204 25
	ATI002204 26
	ATI002204 27
	ATI002204 28
	ATI002204 29
	ATI002204 30
	ATI002204 31




